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ABSTRACT: The first objective of this study was to
test the ability of systems of weighing and classifying
bovine carcasses used in commercial abattoirs in Ire-
land to provide information that can be used for the
purposes of genetic evaluation of carcass weight, car-
cass fatness class, and carcass conformation class. Sec-
ondly, the study aimed to test whether genetic and
phenotypic variances differed by breed of sire. Variance
components for carcass traits were estimated for
crosses between dairy cows and 8 breeds of sire com-
monly found in the Irish cattle population. These 8
breeds were Aberdeen Angus, Belgian Blue, Charolais,
Friesian, Hereford, Holstein, Limousin, and Simmen-
tal. A multivariate animal model was used to estimate
genetic parameters within the Holstein sire breed
group. Univariate analyses were used to estimate vari-
ance components for the remaining 7 sire breed groups.
Multivariate sire models were used to formally test
differences in genetic variances in sire breed groups.
Field data on 64,443 animals, which were slaughtered
in commercial abattoirs between the ages of 300 and
875 d, were analyzed in 8 analyses. Carcass fat class
Key words: commercial field data, crossbred beef cattle, EUROP carcass trait, genetic parameter
©2007 American Society of Animal Science. All rights reserved. J. Anim. Sci. 2007. 85:314–321
doi:10.2527/jas.2006-263
INTRODUCTION
Initial genetic evaluations for carcass traits were re-
cently introduced for Irish cattle using field data from
commercial abattoirs (Olori et al., 2005). More accurate
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and carcass conformation class were measured using
the European Union beef carcass classification system
(EUROP) scale. For all 3 traits, the sire breed group
with the greatest genetic variance had a value of more
than 8 times the sire breed group with least genetic
variance. Heritabilities ranged from zero to moderate
for carcass fatness class (0.00 to 0.40), from low to mod-
erate for carcass conformation class (0.04 to 0.36), and
from low to high for carcass weight (0.06 to 0.65). Car-
cass weight was the most heritable (0.26) of the 3 traits.
Carcass conformation class and carcass fatness class
were equally heritable (0.17). Genetic and phenotypic
correlations were all positive in the Holstein sire breed
group. The genetic correlations varied from 0.11 for
the relationship between carcass weight and carcass
fatness class to 0.44 for the relationship between car-
cass conformation class and carcass fatness class. Car-
cass weight and classification data collected in Irish
abattoirs are useful for the purposes of genetic evalua-
tion for beef traits of Irish cattle. There were signifi-
cantly different variance components across the sire
breed groups.
knowledge of genetic parameters should improve ge-
netic evaluation procedures and facilitate a breeding
program that maximizes response to selection. Reviews
of the literature (Koots et al., 1994b; Rios Utrera and
Van Vleck, 2004) show that large differences in esti-
mates of heritability for beef traits can depend upon
the breed present in the analyzed data. Hirooka et al.
(1996), Van der Werf et al. (1998), and Engellandt et
al. (1999) show large differences in the estimates of
genetic (co)variances for carcass traits between differ-
ent breeds.
In Ireland, most male progeny of dairy cows are
raised for beef production (Keane and Allen, 2002;
Keane, 2003). Gene flow occurs within the Irish cattle
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population from the dairy herd to the beef herd (Berry
et al., 2006). Most animals slaughtered are the offspring
of dams with Holstein and Friesian genes and sires
that are a dairy breed such as Holstein or Friesian, an
early maturing beef breed such as Aberdeen Angus or
Hereford, or a late maturing beef breed such as a Bel-
gian Blue, Charolais, Limousin, or Simmental. There-
fore genetic improvement of beef traits is relevant to
beef and dairy animals, and a breeding value estimation
procedure may need to account for different variance
components across breeds.
This study aimed firstly to quantify the ability of
systems of weighing and classifying carcasses used in
commercial abattoirs in Ireland to provide useful infor-
mation for the genetic evaluation of Irish cattle for car-
cass weight, carcass fatness class, and carcass confor-
mation class. Secondly, the study aimed to test whether
genetic and phenotypic variances differed depending
upon the breed of sire.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not
obtained for this study because the data were obtained
from an existing database (Irish Cattle Breeding Feder-
ation Database, Bandon, Co. Cork, Ireland).
Data
Data from the Irish Cattle Breeding Federation data-
base contained carcass records on 1,032,902 animals,
across several different breeds and crossbreds. The na-
tional pedigree file for cattle contained 8,881,713 ani-
mals. The data and pedigree were dominated by ani-
mals with varying degrees of Holstein breeding.
Extraction
A data set containing animals with records for car-
cass weight, carcass fatness class, and carcass confor-
mation class, which were gathered in 9 commercial ab-
attoirs, was extracted from the database. Animals with-
out information on each of these traits and without
information on birth date, slaughter date, sire, dam,
sex, herd of birth, herd of finishing period, abattoir
of slaughter, and those with greater than 2 lifetime
movements between herds were removed from the ex-
tracted data set, as were animals that were slaughtered
before 300 d of age or after 875 d of age.
The sire of each animal was required to have at least
87.5% of its breed composition known. The breed compo-
sition of the dam of each animal was required to be at
least 75% combined Holstein or Friesian. To meet this
75% known criteria, the breed composition of each dam
was taken as the value recorded through the pedigree
or directly by the farmer or else expected to be Holstein
or Friesian. This expectation was based on the breed
composition of the known dams in the herd of birth of
the animal. If these were at least 90% of one of Holstein
or Friesian genotypes, the unknown breed composition
of a dam was taken to be the same as its herd mates.
In the final data set, 21.4% of the dams had some part
of their breed composition predicted in this manner.
To remove records with unrealistic values because of
errors such as incorrectly recorded birth and death
dates, an average carcass weight daily gain was calcu-
lated for each animal by dividing its carcass weight by
its age at slaughter. Animals with records of average
daily carcass weight gain of greater than 3 SD from the
mean of the sire breed group nested within sex were
removed from the data set. The resulting data set con-
tained 120,799 animals that were slaughtered between
the ages of 300 and 875 d over a 5-yr period between
January 2001 and December 2005. Most of the animals
that were deleted had incomplete pedigree or missing
breed composition information.
From this data set, 8 subsets were extracted based
on the breed composition of an animal’s sire being
≥87.5% of one of the following: Aberdeen Angus, Belgian
Blue, Charolais, Friesian, Hereford, Holstein, Limou-
sin, or Simmental.
Carcass Data
Under the EU beef carcass classification (EUROP)
scheme, each carcass is assessed and classified at the
weighing point on the slaughter line (Anon, 2004). The
classification of the carcasses described in this data set
was done either subjectively by technicians trained by
the Department of Agriculture or, since December 2004,
by automatic visual-image carcass assessment equip-
ment. Carcass weight is typically measured within 2 h
of slaughter and is the weight of the animal after the
removal of its head, hide, feet/legs, thoracic organs,
internal fats, and abdominal organs and is expressed
as cold carcass weight, which is 0.98 times the HCW
(Anon, 2004).
The carcass conformation classes describe the devel-
opment of carcass profiles, in particular the essential
components of the round, back, and shoulder (Anon,
2004). Under the EUROP system, 5 conformation
classes are defined, represented by the letters E, U, R,
O, and P. The letters represent an incremental scale
ranging from P, which denotes the worst conformation,
to E, representing the best conformation. European
Union regulations allow for 3 subdivisions of each con-
formation and fat class. In Ireland, conformation class
P is subdivided into P+, P, and P−, describing declining
conformation (Anon, 2004).
The carcass fat classes describe the amount of fat on
the outside of the carcass and in the thoracic cavity.
Five classes are defined, represented by the numbers
1, 2, 3, 4, and 5. This incremental scale ranges from 1,
which denotes the least fat, to 5, denoting most fat. In
Ireland, fat class 4 is subdivided into low fat (4L) and
high fat (4H; Anon, 2004).
Some carcasses were classified by the 5- and 7-point
scales described, whereas others were classified on a
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Table 1. Numerical values on a 15-point scale in classifi-
cation units (cu) given to carcass conformation class and
carcass fatness class scores using a 15-, 7-, or 5-point scale
Conformation class scale Fat class scale
15-point 5-point Numerical 15-point 7-point Numerical
scale1 scale value, cu scale2 scale value, cu
E+ 15 5+ 15
E= E 14 5= 5 14
E− 13 5− 13
U+ 12 4+ 4H 12
U= U 11 4= 11
U− 10 4− 4L 10
R+ 9 3+ 9
R= R 8 3= 3 8
R− 7 3− 7
O+ 6 2+ 6
O= O 5 2= 2 5
O− 4 2− 4
P+ P+ 3 1+ 3
P= P 2 1= 1 2
P− P− 1 1− 1
1E+ is best conformation, and P− is worst.
21 is leanest, and 5+ is fattest.
15-point scale. A number of alternative methods of
transforming the data were tested to make these scales
equivalent. These included transforming the 15-point
scores back to 5- and 7-point scales. Different transfor-
mations were found to have no important effect on the
estimates of genetic parameters. To be consistent with
the methods employed in national genetic evaluations
of cattle for beef traits in Ireland, scores on the EUROP
scales were transformed to numerical classification
units (cu) on 15-point scales (Table 1).
Heterosis and Recombination
Coefficients of general heterosis were calculated as
functions of the degree of heterozygosity of animals
using the following formula from Van der Werf and de
Boer (1989):
Heterozygosity = Pd(1 − Ps) + Ps(1 − Pd),
where Ps and Pd are the proportions of genes of the
primary breed in the sire and dam, respectively. The
breed that is most prevalent across each sire and dam
pairing is regarded as the primary breed for that paren-
tal pair.
Coefficients of general recombination loss effects
were calculated by the formula:
Recombination = Ps(1 − Ps) + Pd(1 − Pd)
and is derived from the heterozygosity of the parental
gametes, representing a within-gamete epistatic loss
effect (Van der Werf and de Boer, 1989).
Contemporary Groups
Contemporary groups were formed iteratively, within
each of the subsets, on the basis of (a) finishing herd,
year, and season; and (b) factory year and season, using
algorithms outlined by Schmitz et al. (1991) and Crump
et al. (1997). This method optimizes the composition
of contemporary groups based on slaughter dates and
intervals between consecutive slaughter dates in a herd
or abattoir (Calus and Veerkamp, 2003). For each of
the sire breed groups, restrictions were placed at each
of the iterations to ensure that the maximum span of
a contemporary group was 365 d, that each sire breed
group contained a minimum number of 4 animals in a
group, and that each sire had at least 3 offspring across
all contemporary groups. Because a greater volume of
data was available in the Holstein sire breed group,
which facilitated more stringent editing, these restric-
tions were 365, 6, and 6, respectively.
A finishing herd was denoted as the herd where the
animal was resident for at least 2 months immediately
before its slaughter. A total of 64,443 animals remained
across all subsets of the data. Tables 2 and 3 summarize
the numbers and structure of records in each sire breed
group in the final data sets that underwent analysis.
(Co)variance Component Estimation
A 3 × 3 multivariate analysis of carcass conformation
class, carcass fatness class, and carcass weight in the
Holstein sire breed group was carried out, applying the
following model in ASReml (Gilmour et al., 2004):
Yigjklmopz =  + ∑
3
i=1
biAgei + sg + sg × ∑
3
i=1
biAgei
+ bjHoDam + bkFrDam + FinHysl + FactYsm
+ boHet + bpRec + animalz + eigjklmopz,
where Yigjklmopz = the observed carcass weight, carcass
conformation class and carcass fatness class on animal
z of sex g, age at slaughter i, of breed composition of
dam j, in finishing herd year season l, factory year
season m, heterosis coefficient o, and recombination
coefficient p;  = the overall mean; sg = the fixed effect
of sex (g = male or female); biAge = the fixed regression
of age i of animal z at slaughter; bjHoDam = the fixed
regression of Holstein % of dam j in animal z;
bkFrDam = the fixed regression of Friesian % of dam k
in animal z; FinHysl = the fixed effect of finishing herd
year season l; FactYsm = the fixed effect of factory year
season m; boHet = the fixed regression of the heterosis
o coefficient in animal z; bpRec = the fixed regression
of the recombination p coefficient in animal z; animalz =
the random animal effect; and eigjlmopz = the residual
error term.
The distributions of the random effects were assumed
to be multivariate normal with means of zero and
var(e) = R0 ⊗ I in the case of environmental variance
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Table 2. Number of animals with records, number of animals in pedigree, arithmetic
mean (x), and SD (σ) for each of the sire breed groups for each carcass trait
No. of No. of
Breed group records pedigrees CW,1 x CW, σ CC,1 x CC, σ CF,1 x CF, σ
Aberdeen Angus 10,739 44,353 290.8 46.3 5.84 1.40 9.46 1.80
Belgian Blue 5,965 22,833 318.0 54.9 7.62 1.47 8.00 1.79
Charolais 1,059 6,481 322.7 48.1 7.16 1.43 8.69 1.74
Friesian 6,354 25,143 308.4 41.9 5.11 1.09 8.63 1.81
Hereford 4,881 22,375 293.1 46.1 5.70 1.34 9.79 1.80
Holstein 29,318 98,471 309.2 45.1 4.38 1.16 7.76 2.04
Limousin 4,135 19,105 306.4 48.5 6.88 1.51 8.74 1.73
Simmental 1,992 9,821 306.4 48.9 6.23 1.53 8.67 1.74
1CW = Carcass weight, kg; CC = carcass conformation class, transformed numerical scale; CF = carcass
fatness class, transformed numerical scale.
and G0 ⊗ A in the case of the additive genetic variance,
where I is an identity matrix, A is the numerator rela-
tionship matrix using 3 generations of pedigree, ⊗ is
the Kronecker product, and R0 and G0 are covariance
matrices between residuals and additive genetic compo-
nents for the 3 traits, respectively. For each model, the
Amatrix was generated without genetic groups because
regressions were used to account for mean differences
in breeds.
There were insufficient data to estimate the genetic
correlations among the 3 traits for each of the 7 re-
maining sire breed groups. Therefore genetic and phe-
notypic variances were estimated for each trait in these
sire breed groups using 21 separate analyses, each fit-
ting univariate versions of the multivariate model al-
ready described. A number of other interaction terms
were tested for inclusion in the fixed effects part of the
model; however, none proved to be significant.
Heritability was estimated as the proportion of the
total variance attributable to the additive genetic vari-
ance: h2 = σ2a/σ2p, where σ2a is the additive genetic
variance, σ2e is the environmental variance, and σ2p is
the phenotypic variance, which is σ2a + σ2e. The SE of
heritability was calculated in ASReml, which uses the
following formula:
Table 3. Number of sires, number of contemporary groups of finishing (CG), number of
abattoirs (Abat), and percentage of records (rec) in contemporary groups1
% of rec % of rec % of rec
No. of No. of No. of in CG > in CG > with sire
Breed group sires CG Abat 60 d 10 rec > 10 rec
Aberdeen Angus 503 1,395 9 38 40 85
Belgian Blue 64 949 9 58 21 97
Charolais 88 143 7 63 39 73
Friesian 167 872 7 64 35 92
Hereford 351 581 5 59 48 74
Holstein 599 1,900 8 43 93 95
Limousin 247 523 8 61 42 78
Simmental 138 224 3 62 54 78
1Finishing spanning more than 60 d, percentage of records in contemporary groups of finishing containing
more than 10 records, and percentage of records that had sires with more than 10 records.
Var (σ2a/σ2p) = {σ2a/σ2p} 2 × {[Var(σ2a)/σ4p]
+ [Var(σ2p)/σ4p] + [2Cov(σ2a, σ2p)/σ2aσ2p]}.
Genetic correlations between traits i and j were de-
rived from the (co)variance components as: rg = σai,aj/
(σ2ai + σ2aj). The SE of each genetic correlation was
calculated in ASReml, which uses the following
formula:
Var(rg) = r2g{[Var(σ2ai)/(4 σ2ai)2] + [Var(σ2aj)/(4 σ2aj)2]
+ {Var(σai,aj)/(σ2ai,aj)] + [2Cov(σ2ai)σ2aj/4σ2aiσ2aj]
− [2Cov(σ2ai)σai,aj/2σ2aiσai,aj] − [2Cov(σai,aj)σ2aj/2σai,ajσ2aj]}.
Significance Testing
To formally test for significant differences, the data
for all sire breed groups were analyzed together by fit-
ting three 8 × 8 multitrait sire models for each of carcass
weight, carcass conformation class, and carcass fatness
class. Sire model 1 estimated separate genetic and phe-
notypic variance in each of the 8 sire breed groups.
Sire model 2 constrained estimates of the genetic and
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phenotypic variances to estimates that were equal
within 3 clusters of sire breed groups, namely Continen-
tal sires, British sires, and Dairy sires. Continental
sires contained the Charolais, Belgian Blue, Limousin,
and Simmental sire breed groups; British sires con-
tained the Hereford and Aberdeen Angus sire breed
groups, whereas Dairy sires contained the Holstein and
Friesian sire breed groups. Sire model 3 constrained
the estimates of genetic and phenotypic variance to
estimates that were equal across all sire breed groups.
In each of the multivariate sire models, the genetic
and phenotypic covariances were fixed to zero because
the different sire breed groups were genetically un-
linked and assumed to be independently managed. One
issue not addressed in this study was contemporary
groups in a multibreed scenario. If animals from differ-
ent sire breed groups were in the same contemporary
group, an environmental covariance would exist be-
tween them. However, in this study it was assumed
that this was not the case, and different contemporary
groups were defined for different sire breed groups.
To test the significance of differences in genetic vari-
ances across the sire breed groups, the sire models were
compared using log likelihood ratio tests, Akaike infor-
mation criterion (AIC; Akaike, 1973), and Bayesian
information criterion (BIC; Schwarz, 1978) to see if
models that account for heterogeneity of variance
across sire breed groups were more optimal than those
that did not. Sire models 3 and 2 were regarded as
submodels of sire model 1, and sire model 3 was re-
garded as a submodel of sire model 2. The AIC and BIC
were also chosen because likelihood ratio tests tend to
favor models with many parameters (Jensen, 2001),
whereas these criteria penalize models with many pa-
rameters.
The likelihood ratio test for 2 models, i and j, in which
i is nested within j, is given by
LRT = −2[log(Li) − log(Lj)] ∼ χ2tj−ti,
where Li and Lj are the restricted log likelihoods of the
models to be compared, and ti and tj are the correspond-
ing number of parameters in those models. Related are
the AIC and BIC, which are defined as
AIC = −2log(Li) + 2ti, and
BIC = −2log(Li) + ti log v,
where ti is the number of variance parameters in model
i and v = n − p is the number of residual degrees of
freedom. The AIC and BIC were calculated for each
model and the model with the lowest value was as-
sumed to be the most optimal.
RESULTS
Arithmetic Means
Arithmetic means and SD for each trait, in each sub-
set of the data, are presented in Table 2. The Charolais
sire breed group had the highest mean for carcass
weight, whereas Belgian Blue had the highest mean
for carcass conformation class with the Aberdeen Angus
sire breed group being the lowest mean for carcass
weight. The Hereford sire breed group was fattest. The
Holstein sire breed group was the leanest and had the
lowest mean for carcass conformation class. The similar
values for mean carcass fatness class in the Holstein
and Belgian Blue sired group may be due to animals
being sold for slaughter once they attain a certain de-
gree of fatness.
Genetic and Phenotypic Variation
and Heritability of Carcass Traits
Heritability estimates and the genetic and pheno-
typic variances are given for each trait within each sire
breed group in Tables 4. The data, which were collected
in 9 commercial abattoirs in Ireland, provided informa-
tion, which allowed estimation of genetic and pheno-
typic variances for each of carcass weight, carcass con-
formation score, and carcass fatness score (Table 4).
The estimates of variances and heritabilities obtained
with the multivariate sire models (results not shown)
were generally similar but slightly higher than the esti-
mates from the animal models. The higher estimates
may be due to poor ancestral relationship information
for dams; 18.8% of dams had an unknown sire. The
estimate of heritability for carcass weight in the Charo-
lais sired breed group was greater than 1 for the sire
model.
For each of the 3 traits, the sire breed group with the
highest estimate of genetic variance had a value that
was more than 8 times the value of the estimate for
the sire breed group with the lowest genetic variance
(Table 4). For carcass weight the Friesian sire breed
group displayed a relatively low estimate of genetic
variance (44.0 kg2), and the Simmental (416.8 kg2) and
Charolais (633.1 kg2) sire breed groups displayed rela-
tively higher genetic variance. The Simmental and
Charolais sire breed groups had high SE for their esti-
mates, which were possibly due to the low numbers
of records in each class and consequential inability to
accurately partition the variance into genetic and envi-
ronmental components. The remaining sire breed
groups had intermediate estimates of genetic variance
for carcass weight, which were similar to each other.
For carcass conformation class the Friesian also dis-
played a relatively low estimate of genetic variance
(0.04 cu2). The remaining sire breed groups were simi-
larly intermediate, with the exception of the Belgian
Blue and Limousin, which had higher genetic vari-
ances, 0.60 and 0.73 cu2, respectively. The Hereford
and Limousin sire breed groups displayed no genetic
variance for carcass fatness classification. The Simmen-
tal had the highest estimate of genetic variance for
carcass fatness classification (0.87 cu2); however, this
estimate had a high SE. The 5 remaining sire breed
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Table 4. Genetic and phenotypic variances, and heritability for each carcass trait in each of the sire breed groups
CW1 CC1 CF1
Breed group σ2a σ2p h2 σ2a σ2p h2 σ2a σ2p h2
Aberdeen Angus 116.1 (35.5)2 694.6 (14.0) 0.17 (0.05) 0.19 (0.07) 1.61 (0.03) 0.12 (0.04) 0.49 (0.12) 2.10 (0.05) 0.23 (0.06)
Belgian Blue 122.9 (43.7) 718.7 (18.3) 0.17 (0.06) 0.60 (0.15) 1.8 (0.06) 0.33 (0.08) 0.31 (0.10) 2.06 (0.05) 0.15 (0.05)
Charolais 633.1 (252.4) 978.7 (81.2) 0.65 (0.21) 0.16 (0.33) 1.64 (0.11) 0.09 (0.20) 0.46 (0.41) 1.88 (0.14) 0.24 (0.20)
Friesian 44.0 (21.8) 718.1 (14.8) 0.06 (0.03) 0.04 (0.03) 0.97 (0.02) 0.04 (0.03) 0.26 (0.10) 1.95 (0.05) 0.13 (0.05)
Hereford 115.5 (52.9) 641.8 (19.8) 0.18 (0.08) 0.19 (0.11) 1.52 (0.05) 0.13 (0.07) 0.00 (0.00) 2.07 (0.05) 0.00 (0.00)
Holstein 147.4 (19.6) 847.7 (9.0) 0.18 (0.02) 0.22 (0.03) 1.11 (0.01) 0.20 (0.02) 0.47 (0.06) 2.25 (0.03) 0.21 (0.02)
Limousin 151.1 (67.8) 767.6 (25.1) 0.20 (0.08) 0.73 (0.23) 2.03 (0.08) 0.36 (0.10) 0.00 (0.00) 1.82 (0.04) 0.00 (0.00)
Simmental 416.8 (162.0) 769.5 (51.5) 0.54 (0.18) 0.18 (0.28) 1.81 (0.10) 0.10 (0.15) 0.87 (0.42) 2.19 (0.14) 0.40 (0.17)
1CW = Carcass weight, kg2; CC = carcass conformation class, transformed numerical scale; CF = carcass fatness class, transformed numerical
scale; σ2a = genetic variance; σ2p = phenotypic variance; and h2 = heritability.
2Numbers in parentheses represent SE.
groups ranged from 0.26 cu2 for the Friesian to 0.49
cu2 for the Aberdeen Angus.
Heritabilities ranged from zero to moderate for car-
cass fatness class (0.00 to 0.40), from low to moderate
for carcass conformation class (0.04 to 0.36), and from
low to high for carcass weight (0.06 to 0.65). There were
large differences within traits across the different sire
breed groups. On average across all groups, carcass
conformation class and carcass fatness class were least
heritable (0.17), whereas carcass weight was most heri-
table (0.26). The Simmental sire breed group displayed
the highest average heritability across all 3 traits
(0.35), whereas the Friesian and Hereford sire breed
groups displayed the lowest average heritability (0.08).
For carcass weight and carcass conformation class the
Friesian sire breed group had the lowest heritability
with estimates of 0.06 and 0.04, respectively. The heri-
tabilities of carcass fatness class in the Hereford and
Limousin sire breed groups were zero. For each of the 3
traits a different sire breed group displayed the highest
heritability. The Charolais sire breed group had the
highest heritability for carcass weight (0.65), whereas
the Limousin sire breed group had the highest herita-
bility for carcass conformation class (0.36). The Sim-
mental sire breed group displayed the highest heritabil-
ity for carcass fatness class (0.40).
Testing Differences in Variances
Large differences existed in the estimates of genetic
variance and heritability across the different sire breed
groups. The SE of the estimates suggested that some
of these differences were significant. There appeared
to be no relationship between the arithmetic means
for the different sire breed groups and their respective
genetic and phenotypic variances. Results for the log
likelihood ratio tests, the AIC and BIC are in Table 5.
These indicate that, for each carcass trait, sire model
1, the model which estimated separate variances in
each of the 8 sire breed groups was an improvement
over sire model 2 and 3, which estimated separate vari-
ances for 3 clusters of sire breed groups and a single
pair of genetic and phenotypic variances across all 8
sire breed groups, respectively. Sire model 2 was also
significantly better than sire model 3.
Relationship Between Traits
The genetic and phenotypic correlations among all 3
traits for the Holstein sire breed group are given in
Table 6. They were all positive among each of the 3
carcass traits. The genetic correlations ranged from
0.11 for the relationship between carcass weight and
carcass fatness class to 0.44 for the relationship be-
tween carcass conformation class and carcass fatness
class. The phenotypic correlations ranged from 0.22 to
0.36 for the relationship between carcass conformation
class and carcass fatness class and the relationship
between carcass weight and carcass conformation, re-
spectively.
DISCUSSION
This study illustrates that carcass weight and classi-
fication data, which are collected in commercial abat-
toirs in Ireland, provide information to facilitate the
estimation of genetic and phenotypic variance for car-
cass weight, carcass conformation class, and carcass
fatness class. The estimates of heritability are similar
in magnitude to estimates of EUROP carcass traits
found in other studies (e.g., Van der Werf et al., 1998;
Parkkonen et al., 2000). These estimates were possible
despite the extensive editing of the data that was re-
quired, that the data were collected primarily for rea-
sons other than for the estimation of genetic parameters
and breeding values, and that there was no proper ex-
perimental design for such estimation (i.e., sires were
not evenly distributed across contemporary groups).
Such results suggest that commercial carcass classifi-
cation data can provide low cost information for the
purposes of genetic evaluation of cattle in Ireland for
beef traits.
Heritability of Carcass Traits
The results of our study indicate that the genetic
variances and consequently heritability for EUROP
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Table 5. Estimates of likelihood ratios (LRT), Akaike information criterion (AIC), and
Bayesian information criterion (BIC) comparing sire models 1, 2, and 3, across each of
the carcass traits
LRT AIC BIC
Trait1 1 vs. 2 1 vs. 3 2 vs. 3 1 2 3 1 2 3
CW 81.12 283.06 201.94 450,416 450,478 450,672 450,461 450,494 450,677
CC 51.8 1,517.5 1,465.7 86,653 86,685 88,143 86,697 86,701 88,148
CF 61.48 96.62 35.14 114,023 114,064 114,091 114,067 114,081 114,097
1CW = Carcass weight; CC = carcass conformation class; and CF = carcass fatness class.
carcass traits are different in different breeds of cattle
in Ireland. Such a finding is in agreement with the
extensive reviews of genetic parameters for carcass
traits in beef cattle carried out by Koots et al. (1994a)
and Rios Utrera and Van Vleck (2004). Part of the differ-
ences may be due to difference in connectedness in the
different sire breed groups. Nonetheless, failure to take
account of such heterogeneity may lead to inaccurate
and biased predictions of breeding values (Visscher and
Hill, 1992). This suggests that the multiple breed ge-
netic evaluation models currently used for the genetic
evaluation of cattle in Ireland (Pool et al., 2005), which
assume homogeneity of genetic and phenotypic vari-
ances, could be enhanced by accounting for heterogene-
ity of genetic and phenotypic variance across different
breed composition groups.
With respect to the Friesian sire breed group, the
estimates of heritability for carcass weight and carcass
conformation class were considerably lower than the
previous estimates for these traits, of 0.32 and 0.24,
respectively, using Irish Friesian sire breed data (More
O’Ferrall et al., 1989). Higher estimates of heritability
have to be expected from the results of More O’Ferrall
et al. (1989) because these workers analyzed progeny
test data. Progeny test data are collected with a greater
degree of accuracy than the commercial data used in
our study. Such data would consequently allow better
correction for environmental effects, thus reducing the
residual variance, as well as supplying more accurate
pedigree information, which would increase the esti-
mates of genetic variance.
The estimates of heritability for the Hereford, Charo-
lais, and Simmental sire breed groups in our study were
different to those estimated for purebred Charolais,
Hereford, and Simmental cattle reported by Eriksson
et al. (2003), with no particular trend in the differences
Table 6. Genetic (ra) and phenotypic (rp) correlations be-
tween each carcass trait in the Holstein sire breed group
Trait1 ra rp
CW – CC 0.11 (0.09) 0.36 (0.01)
CW – CF 0.26 (0.08) 0.22 (0.01)
CC – CF 0.44 (0.07) 0.31 (0.01)
1CW = Carcass weight; CC = carcass conformation class; and CF =
carcass fatness class.
being observed. The zero estimates of heritability for
carcass fatness class in the Hereford and Limousin sire
breed groups were due to estimates of genetic variances
that were fixed to extremely low positive values during
the estimation process, suggesting that the real esti-
mated values may be negative. Negative estimates of
genetic variance are expected to be obtained by chance,
especially in small population sizes (Koots et al., 1994a)
due to sampling variances (Lynch and Walsh, 1998) or
because the underlying assumptions are incorrect (Gill
and Jensen, 1968).
Several studies in different species (Van der Werf
and de Boer, 1989; Bishop and Russell, 1997) have
shown that the estimates of heritability increase in
magnitude as the level of crossbreeding in a group in-
creases. Whereas sire breed groups were used to define
each data subset in our study, an animal model was
used in the analysis for the presented estimates of vari-
ance components. Therefore, in each analysis the pedi-
gree includes animals of at least 2 breeds, Holstein and
Friesian in the case of both the Holstein and Friesian
sired groups, and a third breed in the case of the other
sire breed groups. Because the data set is dominated
by Holstein genes, the Holstein-sired breed group can
be considered almost entirely purebred. Higher average
heritabilities for a number of traits, compared with the
Holstein sire breed group, were observed in the Sim-
mental, Charolais, and Belgian Blue sire breed groups.
An obvious reason is that some of the between breed
genetic variance may be included in the estimates of
genetic variance (Bishop and Russell, 1996). Wei et al.
(1991) state that dominance variance, as well as differ-
ences in gene frequencies in parental breeds, inflates
estimates of genetic variance in crossbred populations.
Some heterosis effects may be included in the estimate
of genetic variance for the crossbreds.
Relationship Between Carcass Traits
The positive genetic and phenotypic relationships be-
tween the 3 carcass traits are consistent with what
has been reported in the literature for similar traits in
similar breeds. Positive correlations between carcass
fatness class and each of carcass weight and carcass
conformation classes were found by Parkkonen et al.
(2000) in 7 out of 8 cases in Finnish dairy cattle, with
the single negative value found not being significantly
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different from zero. More O’Ferrall et al. (1989), using
Irish Friesian data, and Van der Werf et al. (1998)
and Liinamo et al. (1999) also found positive genetic
associations between carcass fatness class and both car-
cass conformation class and carcass weight in pure and
crossbred dairy breeds. However, the genetic correla-
tion between carcass conformation class and carcass
weight, although still positive, was lower (0.11) than
found in other studies carried out on dual purpose and
dairy breeds of cattle, which ranged from 0.25 to 0.66
(Hirooka et al., 1996; Van der Werf et al., 1998; Liinamo
et al., 1999; Parkkonen et al., 2000). Direct selection
to increase carcass conformation or carcass weight in
Holsteins, without imposing direct selection pressure
to reduce or maintain carcass fatness class, would re-
sult in higher fat levels for carcasses at higher weights.
Slaughtering such animals earlier in life, at lower
weights, when they are less mature may be required if
direct selection pressure on carcass fatness class is not
included in a selection index for carcass traits.
IMPLICATIONS
Bovine carcass data as currently collected in Irish
abattoirs are suitable for the purposes of genetic evalua-
tion. The systems of grading and weighing carcasses in
abattoirs are able to provide information that allows
the genetic and phenotypic variance in carcass weight,
carcass conformation class, and carcass fatness class
to be estimated. Heritabilities and their constituent
variance components displayed differences in different
sire breed groups. Selection for increased quantities of
lean meat in the Holstein sire breed group requires the
disentangling of the antagonistic relationship between
carcass fatness class and carcass conformation and car-
cass weight.
LITERATURE CITED
Akaike, H. 1973. Information theory and an extension of the maxi-
mum likelihood principle. Pages 267–281 in 2nd Int. Symp. Inf.
Theory, Budapest, Hungary. Akademiai, Budapest, Hungary.
Anon. 2004. Expenditure review of beef carcase classification scheme.
The Department of Agriculture and Food, Dublin, Ireland.
Berry, D. P., F. E. Madalena, A. R. Cromie, and P. R. Amer. 2006.
Cumulative discounted expressions of dairy and beef traits in
cattle production systems. Livest. Sci. 99:159–174.
Bishop, S. C., and A. J. F. Russell. 1996. The inheritance of fibre
traits in a crossbred population of cashmere goats. Anim. Sci.
63:429–436.
Bishop, S. C., and A. J. F. Russell. 1997. The inheritance of fibre
traits in a crossbred population of cashmere goats. European
Fine Fibre Network Occasional Publication No. 6. http://
www.macaulay.ac.uk/europeanfibre/bella/bishop.pdf Accessed
Aug. 23, 2006.
Calus, M. P. L., and R. F. Veerkamp. 2003. Estimation of environmen-
tal sensitivity of genetic merit for milk production traits using
a random regression model. J. Dairy Sci. 86:3756–3764.
Crump, R. E., N. R. Wray, R. Thompson, and G. Simm. 1997. As-
signing pedigree beef performance records to contemporary
groups taking account of within-herd calving patterns. Anim.
Sci. 65:193–198.
Engellandt, T., N. Reinscha, H.-J. Schild, and E. Kalma. 1999. Genetic
parameters from two different field testing schemes for beef
traits of German Gelbvieh finishing bulls. Livest. Prod. Sci.
60:219–228.
Eriksson, S., A. Nasholm, K. Johansson, and J. Philipsson. 2003.
Genetic analyses of field recorded growth and carcass traits for
Swedish beef cattle. Livest. Prod. Sci. 84:53–62.
Gill, J. L., and E. L. Jensen. 1968. Probability of obtaining negative
estimates of heritability. Biometrics 24:517–526.
Gilmour, A. R., B. R. Cullis, S. J. Welham, and R. Thompson. 2004.
ASReml reference manual 2nd edition, release 2.0 (draft 1.62),
NSW Agriculture Biometrical Bulletin 3.
Hirooka, H., A. F. Groen, and M. Matsumoto. 1996. Genetic parame-
ters for growth and carcass traits in Japanese Brown cattle
estimated from field records. J. Anim. Sci. 74:2112–2116.
Jensen, J. 2001. Genetic evaluation of dairy cattle using test-day
models. J. Dairy Sci. 84:2803–2812.
Keane, M. G. 2003. Beef production from Holstein-Friesian bull and
steers of New Zealand and European-American decent and Bel-
gian Blue × Holstein-Friesians slaughtered at two weights.
Livest. Prod. Sci. 84:207–218.
Keane, M. G., and P. Allen. 2002. A comparison of Friesian-Holstein,
Piemontese × Friesian-Holstein and Romagnola × Friesian-Hol-
stein steers for beef production and carcass traits. Livest. Prod.
Sci. 84:207–218.
Koots, K. R., J. P. Gibson, C. Smith, and J. W. Wilton. 1994a. Analyses
of published genetic parameter estimates for beef production
traits. 1. Heritability. Anim. Breed. Abstr. 62:309–338.
Koots, K. R., J. P. Gibson, and J. W. Wilton. 1994b. Analyses of
published genetic parameter estimates for beef production traits.
2. Phenotypic and genetic correlations. Anim. Breed. Abstr.
62:827–854.
Liinamo, A. E., M. Ojala, and J. A. M. v. Arendonk. 1999. Relation-
ships of body weight and carcass quality traits with first lactation
milk production in Finnish Ayrshire cows. Livest. Prod. Sci.
60:271–279.
Lynch, M., and W. B. Walsh. 1998. Genetics and the analysis of
quantitative traits. Sinauer Associates Inc., Sunderland, MA.
More O.’Ferrall, G. J., R. L. Joseph, P. V. Tarrant, and P. McGloug-
hlin. 1989. Phenotypic and genetic parameters of carcass and
meat quality traits in cattle. Livest. Prod. Sci. 21:35–47.
Olori, V. E., A. R. Cromie, A. Grogan, and B. W. Wickham. 2005.
Practical aspects in setting up a national cattle breeding pro-
gram for Ireland. Page 318 in 56th Annual Meeting of the Euro-
pean Association for Animal Production.
Parkkonen, P., A. E. Liinamo, and M. Ojala. 2000. Estimates of ge-
netic parameters for carcass traits in Finnish Ayrshire and Hol-
stein-Friesian. Livest. Prod. Sci. 64:203–213.
Pool, M. H., V. E. Olori, A. R. Cromie, and R. F. Veerkamp. 2005.
Multiple breed evaluation for cow survival and fertility in Irish
cattle. Page 55 in 56th Annu. Meet. European Assoc. Anim. Prod.
Wageningen Academic Publishers, Wageningen, the Neth-
erlands.
Rios Utrera, A., and L. D. Van Vleck. 2004. Heritability estimates
for carcass traits of cattle: A review. Genet. Mol. Res. 3:380–394.
Schmitz, F., R. W. Everett, and R. L. Quaas. 1991. Herd-year-season
clustering. J. Dairy Sci. 74:629–636.
Schwarz, G. 1978. Estimating the dimension of a model. Ann. Statist.
6:461–464.
Van der Werf, J. H. J., and W. de Boer. 1989. Influence of non-additive
effects on estimation of genetic parameters in dairy cattle. J.
Dairy Sci. 72:2606–2614.
Van der Werf, J. H. J., L. H. van der Waaij, A. F. Groen, and G. de
Jong. 1998. An index for beef and veal characteristics in dairy
cattle based on carcass traits. Livest. Prod. Sci. 54:11–20.
Wei, M., H. A. M. van der Steen, J. H. J. van der Werf, and E. W.
Brascamp. 1991. Relationship between purebred and crossbred
parameters. I. J. Anim. Breed. Genet. 108:253–261.
 by guest on March 14, 2014www.journalofanimalscience.orgDownloaded from 
References
http://www.journalofanimalscience.org/content/85/2/314#BIBL
This article cites 22 articles, 1 of which you can access for free at: 
Citations
http://www.journalofanimalscience.org/content/85/2/314#otherarticles
This article has been cited by 8 HighWire-hosted articles: 
 by guest on March 14, 2014www.journalofanimalscience.orgDownloaded from 
